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(57) A nrathodlbrconrtrol&r^ intensities of a plurafity 
of laser beams respectively emitted on a trackcf an opti- 
cal disk tfi a plurality of lase* diodes according to the 
present invention includes a dep of perlorming tbcu^ng 
servo control for focu^ng one of the plurafity of laser 
beanns emitted by one of the plurafity of laser diodes onto 
the trade, and concurrentiy ccmtrolling an intensity of the 
laser beam emitted by each of plurality of laser diodes 
to be within a predetermined range by ccmparing a 
nal which is in accordance vnth an intensity of the laser 
beam emitted by thai laser beam with a reference ^gnal. 
A period durLng which the one of the pturaGty of laser 
diodes used for Ihe focusing does rKitenr^the one laser 
beam is shorter than a re^xmse time of the focus s^vo 
control. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

The present invention relates to a method and an 
apparatus for controlling the power of a semiconductor 
laser. In particular, the present invention relates to a 
method and an apparatus for control&ng the power of a 
multibeam semiconductor laser which includes only one 
photodetector and a plurality of light emitting elements. 

2. Description of the Related Art: 

In recent years, video/audio data has been rapidly 
digitallzed. In particular, video signals produce a very 
largeamountofdatawhendigitalized. Therefore, recofd- 
Ing/reproduction apparatuses for video signals are espe- 
cially required to be capable of accommodating a large 
capacity and have a data high transfer rata Various 
attempts have been made to realize a large data capacity 
and high data transfer rate for recording/i-eproduction 
apparatuses employing optical disks. In one such 
method, an input data sequence isdivided into a plurality 
of portions which are respectively supplied to a plurality 
of heads, thereby resulting in parallel recording and/or 
reproducing of signals in a plurality of tracks on a disk, 
in order to realize a hi£^ transfer rate. This mettxxl 
makes it possible to increase the overall transfer rate per- 
formed by the plurality of tracks, wittx)ut Increasing the 
transfer rate of each head. 

However, as the number of heads increases, there 
arises the prolslems of complicated control and 
increases in cost Therefore, it is contemplated to employ 
a nxiltbeam semiconductor laser in which a plurality cf 
light emitting elements are provided, instead of a plurality 
of heads, thereby to record/reproduce signals on a plu- 
rality of tracks simultaneously. A multibeam semiconduc- 
tor laser has a plmrallty of light emitting elements (such 
as laser diodes) and a photodetector within one pack- 
age The fight emitting elements allow separate control 
of their respective output powers. By employing such a 
multibeam semiconductor laser, it becomes possible to 
reoord^reproduce signals at a high transfer rate in spite 
of a small number of heads. 

The photodetector provided in a multibeam semh 
conductor laser is used for monitoring the irrtensity cf 
light emitted iDy the fight emitting elements. Specifically, 
when one of the light emitting elements radiates a Ight 
beam on a track for recording/reproduction, a portion of 
the light also illuminates the photodetector, which is die- 
posed near the light emitting elements. Tlie photodetec- 
tor receives this portion of light and outputs a monitored 
current in proportion with the Intensity of the light emitted 
by the fight emitting element Accordingly, by converting 
the monitored current into a monitored voltage and feed- 
ing back the monitored voltage to driving circuitry of the 
laser diode, it becomes possible to control the intensity 



of the light output by the fight emitting element so as to 
be a constant level. 

However, many multibeam semiconductor lasers 
only have one photodetector for a pluraEty of light emit- 

5 ting elements. As a result, the photodetector can output 
only one monitored current in response to the laser 
power output by the plurality of light emitting elements. 
In a multibeam semiconductor laser of this configuration, 
the photodetector is not capable of distinguishing the 

to laser power of one light emitting element from the laser 
power of another light emitting element This makes it 
impossible to perform sinutitaneous power control for 
more than one of the plurality of light emitting elements. 
In other words, when performing power control, all the 

75 light emitting elements except for the fight emitting ele- 
mentthat is sulDjected to power control must be in an ofl- 
state, i.e., not emitting light. 

Japanese LaidOpen Patent Pubfication No. 3- 
102656 includes a description on power control for a 

20 multibeam semiconductor laser According to this docu- 
ment all of the fight emitting elements exo&pi for the one 
light emitting element that is siipjected to power control 
are •*ofr (i.e., do not emit Ight). whereby the step cf 
measuring the characteristics of the laser light intensity 

25 against a driving current for the laser is conducted in a 
time dr^^ion manner. Hcwever, in this approadi to power 
control, there are tme penods during which the laser 
beam to be employed for focusing control and tracking 
control Is not radiated. Absence of the laser beam for 

30 focusing control and tracking control resiits in absence 
of focusing error signals and tracking error signals, so 
that the focusing and tracking are liable to have large 
errors, Imposing a consklerable Influence on the sut)se- 
quent recording/reproduction. Therefore, the power corh 

3s trd in the metiiod disclosed In the above document is 
performed ait the time of acfivating the apparatus or dur- 
ing the toading of a disk. i.a. prior to performing focusing 
control or tracking control. 

TTie most common methods for recording on a rewri- 
te table optical disk are magnetoopticat recorcfng and 
phase change recording, f^se change recording, 
according to which a difference in reflectance between 
an amorphous state and a crystallized state of a reoord- 
ing medium is reproduced as a signal, has advantages 

45 relative to magnetooptical recording In that It allows 
direct overwriting and it has a high-level reproduced sig- 
nal. However, in a phase change recording process, 
whether a recording medium takes an amorphous state 
or crystallizee depends solely on the heat applied to the 

so recording mediunrL Therefore, phase change recording 
requires a more precise power control for the semicon- 
ductor laser than does magnetooptical recording. How- 
ever, as described above, the method in which pmer 
control is performed only at the time of activating the 

ss apparatus or during the loading of a disk cannot realize 
recording/reproduction at an appropriate power level 
because the laser power varies over tima In other words, 
the relationship between the driving current for a semi- 
conductor laser and the optical output power thereof var- 
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ies depending on the arTU>ienl lemperature and tN& the 
tgpse of time since the activation of the apparatus. There- 
fore, Vfhen an accural a power acQustment \s requirad. as 
in the case of recording/reprodudng atgnala on a phase 
chargeable disK ft is necessary to perform power control 
at a predetermined time interval even durirtg recoid- 
Ing^eproducfion. 

SUMMARy OF THE IMVEhmON 

A method for controlling inten^es of a plurafity of 
laser beams respectively emittBd on a track of an optical 
disk b/a pluBlit/ of laser diodes accoiding to the present 
Invention Includes a step of: perforrrung focusirig servo 
control for focusing one of the pturaOty of laser beams 
emitted t>y one of the pluralit/ of toer diodes onto the 
tracK and concurrentiy controlEng an intensity of the 
laser beam emitted by each of plurality of laser cfiodes 
to be wthin a predetermined range by oorri^aring a sig- 
nal which m in accordance with an intensity of the laser 
beam emftted by that laser beam wtVt\ a reference ^nal, 
wherein a period during which the one of the pimlity of 
laser diodes used for the focusing does not emSi the one 
laser beam is shorter than a respor^ time of the focus 
savo control. 

In one embodiment of the invention, the track Is 
divided into a pluraGty of sectors, and the intercity of th e 
laser beam emitted by each of the pluralify of laser 
diodes Is controlled to be within the predetermined range 
once for every N sectors. N being a natural nuirtber. 

In another emtxxiiment of the inverrtionp the one of 
the plurality of laser diodes used for the fCK^using emits 
the laser beam over a period during which laser diodes 
other than the one laser diode used for the focu^ng are 
controlled. 

Altematively. a method for controlEng intensities of 
a plurality of las^ beams respectively emitled on a track 
of an optical disk by a plurality of laser diodes aooording 
to the present invention indudes a step of: performffig 
focusing servo control for focu^ng one of the piuralrty of 
laser beams emitted by one of the plurality of laser 
diodes onto the tracK and concurrently controffing an 
Intensityofthe laser beam emittedby each of plurality of 
laser diodes to be within a predetermined range by com- 
panng a signal which is In accordance with an intendty 
of the laser beam emitted by thai laser beam with a ref- 
erence signal, wherein a focusing error signal corre- 
sponding to the laser beam emitted by the one of the 
plurality of laser dkxies used for the focusing is held over 
a period during which the one of the plurality of laser 
diodes used for the focusing does not emit the one laser 
beam. 

Altematively, a method for controlling intensities of 
a plurality of laser beams respectively emitted on a track 
of an optical disk by a plurality of laser diodes acoordir>g 
to the present invention includes a step of: perfomwig 
fooising servo control for focusing one of the plmlity of 
laser beams emitted by one of the pluraiity of laser 
diodes onto ihe track, ar^d cortcurrently controlling an 



intensity of the toer beam emitted by each of pf ua&ty of 
laBor diodes to be vnthin a predetermined range by com- 
paring a signal which b in accordance with an Interr^ 
the laser beam emitted by that laser beam with a ref- 

s erence signal, wherein the (ooising Is performed by 
using one of the plurality of laser (fiodes the intensity of 
whose laser beam Is b€dng control led. 

Alternatively, a method for contrdiing irrtensities of 
a plurality of laser beans rBsp«;tively emitted on a track 

10 of an optica! disk a plurality of laser diodes according 
to the present invention includes a step of: p&fbrming 
focusing servo control for focusing one of the piuFEdity of 
kiser beams emitted by one of the plurality of laser 
diodes onto the tracK and concunentiy controlling an 

rs intend of the laser beam entitled by each of pluaGty of 
teser diodes to be within a predetermined range by com- 
paring a signal which is in accordance with an Intensity 
of the teser beam emitted by ttiat laser beam with a ref- 
eref)ce signal, wherein the one of the plurality of laser 

20 diodes used for the focusing emits tl^ laser beam wftile 
the internes of the laser beams emitted by laser diodes 
other than the one laser diode used for the focusing are 
controlled. 

An apparatus for controDing intensities of a plural!^ 
^ of las^ beams respectively ©nitted on a track of an opti- 
cal d^ by a plivaltty of laser diodes according to the 
presOTt invention includes: a focusing servo controDer for 
focusing one of the plirality of laser beanis emitted by 
one of the plurality of laser diodes onto the track: a con- 
so troller for controIOng an intensHy of the laser t>eam emit- 
ted by each of plurality of laser dfodes to be wfthin a 
predetermined range conparing a signal which is In 
accordance witii an irrtenaty of the la^r beam emftted 
by that laser beam with a reference signal; and a secticvi 
35 for setting a period during which the one of the plurality 
of laser cfiodes used for the fbcu^ does not en& the 
one teer beam to be shorter than a response time of the 
focus servo control. 

In one entixxJiment of the invention, the track 
40 divided into a plurality of sectors, and the intensity of the 
laser beam emrtted by eadi of the plurality of laser 
diodes iscontroHed to t>e within the predetermined range ' 
once for every N sectors. N being a natural ruimt^er. 
In another embodiment of the ffivention, the one of 
45 ttiQ plurality of laser cfiodes i^ed for the focu^g emfts 
the laser beam over a period during wNch laser c£odes 
otiier than the one lasa' diode used for the fbcusir^ are 
controDed. 

Alternatively, an apparatus for controlling internes 
so of a plurality cf laser k)eams respec;tivaly entitted on a 
track of an optical disk by a plurafty of laser diodes 
according to the preserrt invention includes: a focusing 
servo controller for fbc^ng one of the plurality of laser 
beams emitted by one of the plurality of laser cSodes onto 
ss the track; a ccsntroller for controlling an intercity of tiie 
teer beam entitted t>y each of plurality of lasa- cfiodes 
to be ^Mthln a predetermined range by cc^nparing a dg- 
nal whk^ is In accordance with an intensity cf the laser 
beam emitted by that laser t>eam woth a ref ereiKe dg nal : 
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and a hold section for holding a focusing error signal cor- 
responding to the laser beam emitted by the one of the 
pluralit/ of laser diodes used for the focusing ever a 
period during which the one of the plurality of laser 
diodes used for the focListng does not emit the one laser 5 
beam. 

Alternatively, an apparatus for controlling intensities 
of a plurality of laser beams respectively emitted on a 
track of an optical disk by a plurality of laser diodes 
according to the present invention indudes: a focusing 10 
servo controller for focusing one of the plurafity of laser 
beams emitted t>y one of the plurality of laser diodes onto 
the track; a controller.for contnoiling an intensity of the 
laser beam emitted by each of plurality of laser diodes 
to tDe within a predetermined range by comparing a sig- 75 
nal which is in accordance with an intensity of the laser 
beam emitted by that laser beam wrth a reference signal; 
and a focusing section for performing the focu^ng by 
using one of the plurality of laser diodes the intensrty of 
whose laser beam is being controled. 20 

Alternatively, an apparatus for controlling intensities 
of a plurality of laser beams respectively emitted on a 
track of an optical disk t>y a plurality of laser diodes 
according to the present invention ricludes: a focusing 
servo controller for focusing one of the plurality of laser ss 
beams emitted by one of the plurality of laser diod es onto 
the track; a controller for controlling an intensity of the 
laser beam emitted by each of plurafrty of laser diodes 
to be withiin a predetermined range by comparing a sig- 
nal which is in accordance with an intensity of the laser so 
beam emitted by that laser beam with a refererx:e signal; 
and a section for controlling the one of the plurality of 
laserdiodes used for the focusing to emit the laser beam 
while the Intensities of the laser beams emitted by laser 
diodes other than the one laser diode used for the focus- ss 
Ing are controlled. 

According to the present invention, a monitored cur- 
rent output fr(xn a photodetector In a semiconductor 
laser is subjected to a cun'entA^ftage conversion and 
thereafter is compared against a predetermined refer- 40 
ence voltage so as to set a driving cun^ent le/el for the 
laser. Moreover, a laser power control circuit for holding 
these predetermined values and supplying a laser driv^ 
ing cun-ent in accoidance with the heW values is provided 
for each light emitting element The acfjustment of the 4S 
laserpowarof aplurality of light emitting elements is real- 
ized liy time-dividing the laser power control process and 
peiiorming the time<livided process for each sector or 
each few sectors. 

In such laser power control based on time division. 50 
it is necessary to ensure that ail the light emitting ele- 
ments except for the one light emitting element that is 
siisjected to power control are "ofT in order to accurately 
control the laser power of each light emitting element 
However, in the case of performing focusing control and ss 
tracking control by using output light of one of the plurality 
of light emitting elements, the apparatus goes out of 
servo when tlie light emitting element employed for 
focusing/tracking is "ofT. 



Therefore, in order to reduce the influence on the 
focusing control and tracking control, it is necessary to 
predetermine the period during wrhich the light emitting 
element used for focusing/tracking is "off" for the sake of 
laser power oontrd to be shorter than the response lime 
of a control loop. Thiscan be realized by conducting lasa 
power control for the plurality of light emitting elements 
over a plurality of sectors. AltemativBly, in the case of 
simultaneously performing laser power control for a 
number of light emitting elements, it becomes possible 
to prevent the focusing control ioop and the tracking con- 
trol loop from receiving dtsturbarxse by radiating a laser 
beam from the light emitting element used for focusuig 
control and tracking control during the power control. 

As described above, it is inpossible to obtain focus- 
ing en-or signals or tracking enror signals in periods dur- 
ing which tiie light emitting element used for focusing 
contiDl and tracking control is "off". Therefore, during 
such an of! period, values of a focusing error signal and 
a tracking error signal wtiich were held immediately 
before that off period started are used. Thus, the Influ- 
ence on the focusing control arxi traddng control can be 
reduced. Moreover, tracking/focusing control is per- 
formed by using light emitting elements which are sut>- 
jected to laser power control (i e.. cunrently "on") rather 
than by using a light beam emitted by only one light emil- 
ting element As a result, it becomes possible to always 
obtain a focusing error signal and a tracking error signal. 
Alternatively, the Influence on the focusing/tracking can- 
trd can also be reduced by selecting the light emitting 
elements so as to nn'nlmize tlie off periods of the light 
emitting element for focusing^cking control, instead of 
sequentially switching to the light emitting element winch 
is currantiy subjected to laser power control. 

In prior art, all the light emitting elements except for 
the one light emitting element tfiat is subjected to power 
contiol are off. In contrast, according to the present 
invention, the light emitting elementthat is used for focus- 
ingArack'ng control is kept activated at a predetermined 
power level even after being subjected to laser power 
control, thereby preventing disturt>ance on the control 
toops. When controlling the laser power of the light emit- 
ting elements other tiian the one used for focusingArack- 
ing control, a value equivalent to a predetermined power 
emitted by the light emitting element used for fdcus- 
IngAracklng control is electrically cancelled. As a result, 
it becomes possible to control the laser power of all the 
light emitting elements without causing disturt^ance on 
the control loops. 

Thus, the Invention desmbed herein makes possi- 
ble the advantages of (1) providing accurate laser power 
control for a multibeam semiconductor laser which 
includes a plurality of light emitting elements and one 
photodetector; and (2) reducing the influence of laser 
power control on focusing control or tracking control. 

These and other advantages of the present inven- 
tion will become apparent to those skiled In the art upon 
reading and understanding the following detailed 
description with reference to the accompanying figures. 
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BRIEF DESCRIPTION OF THE DRAWiMf^ 

Figure 1 is a ech^riatic diagram showing a mufti- 
beam semiconductor teer used for the method and 
apparatus for controling the power of a multibeam sem- 
iconductor toer accord m g to the present mvention. 

Rgure 2 is a blodk diagram showing a reproduction 
system and a feedback control system of system far an 
optical disk 120 employing a laser devnce 100. 

Rgure is a diagram showing the states of laser 
elements and a sector formal In laser pswer control 
acceding to prior art 

Figure 3B is a diagram shomng the states of laser 
elements and a sector formal In laser power control 
accmiing to the present in\^ention. 

Figure 3C is a diagram showing the states of laser 
elemertts and a sedor format In laser power control 
according to the present invention. 

Figure 4 is a circuit diagram showing a laser power 
control a ppara tus according to the present invention. 

Figure 5 b a circuit diagram shcMdr^ a portion of the 
circuit shown in Rgure 4 that relates to a laser element 
101 and a photodetector 105. 

Rgure 6 ^ a tinrting diagram illustrating the control 
voltage of the laser dement 1 01 . 

Figure 7 Is a liming diagram showing the respective 
output power and the states of the respective laser 
beams of laser elements 101 to 104 in the laser power 
control described In Rgure 3B along wHh the monitored 
voltages. 

Rgure 8 shows a variation of Example 1 shown in 
Figure 3B. 

Rgure 9A is a cfiagram showing a focusing error sig- 
nal and a tracking error signal in a oonventional laser 
power control method and apparatus. 

F^ure 9B Is a dia^^m showing an interpolated 
focusing error signal and an mterpolated tracking error 
signal in accordance with the laser power control method 
and apparatus of Example 2 of the present invention. 

Rgure 1 0 is a bk)ck diagram showing a circuit to be 
further indudad in theconfi^jration shewn In Figure 2 in 
order to realize the fimction described in Figure 9B. 

Figure 11 Is a diagram showing the states of laser 
elements and lasa* element select signals in accordance 
with the laser power control method and apparatus of 
Exanrple 3 of the present invention. 

Figure 1 2 is a block diagram showing a laser power 
control method and apparatus according to Exarnple 3 
of the present invention. 

Figure 1 3 is a timing diagram describing a variation 
of the method and apf^uatus of Example 3. 

Figure 14 is a block diagram Stowing a variation of 
the method arxJ apparatus of Example 3 employing the 
timing diagram shown in Figure 13. 

Figure 1 5 is a timing diagram showing the states and 
the laser power of laser elements in accordance with the 
laser power control method and apparati^ of Example 4 
of the present invention. 



Rgure 16 is a circuit diagram shewing the laser 
power control method and apparatus of Example 4 of the 
present invention. 

Rgure 17 is a dront diagram showing a varation of 
5 theapparah^of Example 4 of the present invention. 

DESCRIPTION OF TOE PREFERRED EMBQDI- 
MENTS 

w Hereinafter, the method and apparatus for contrd- 
Gng the power of a multa>eam semiconductDr laser 
according to the present Invention wlQ be described wHh 
reference to the accompanying fi^^ In the figures, 
likB numerals indicate Ito constituent elements. 

Example 1 

Figure 1 is a scfiematic cfiagram ^mwing a mutti- 
baam serreconductor laser used for the method and 
apparatus for controlling the power of a ntuttibeam sem- 
iconductor laser acoorcfng to the present Invention. The 
multibeam semiconductor laser 1 00 (hereinafter referred 
to as the laser d^nce*}. which is capable of envtting four 
beams, includes four laser elements 101 to 104 and a 
photodetector 1 05 within its package. A semiconductor 
laser emitting a laser beam havir^ a wavelength of 680 
nm, for example, can be used as the las^ el&nents 101 
to 104. The laser elements 101 to 104 radiate laser 
beams 111 to 114. respectively, to lancfe and grooves of 
an optical disk 120. Although four laser beams are radi- 
ated on the optical disk 1 20 by using lour laser elements, 
the present invention has no Grruts as to the number of 
laser elements to be used; for example, ft Is a^ appli- 
cable to errploy two laser elements for emitting two laser 
beams. 

The optical disk 120 is a phase diangeable disk. In 
order to read, write and erase on a phase change- 
able disk, laser beams having tivee different Int^isities 
are required. Specfficaily. a read power Pr used for read- 
ing data, a peak power Pp used for wnUng data, and a 
bias power Pb used for erasing data are reqi^ed and 
must satisfy th e relationship Pr < Pb < Pp. 

When the las^ elements 101 to 104 emit the laser 
beamslll to114. thelaserbeamslll to 114areii^e 
to Irregular ref lectfon within a nrxild f Qling the laser devfoe 
100. AsarBsultaportk>nofthelasert>eans111 to 114 
enters the photodetector 105. The photodetector 105 
st^plies as an output an dectric current ki proportfon to 
the intensity of the light inddeni tfier^>n. In other words, 
the photodetector 105 outputs currents (hereinafter 
referred to as ^monitored currents") wfiich are in propor- 
tion to the respective intensities of the laser beams 111 
to 114. As the photodetector 10S« a photodiode can be 
used which is sensitive in th e region of wavel engths emit- 
ted fciy the laser beams 111 to 1 14 (&g.. aisout 6^ nm). 
H^einafter, the intensity of an emitted laser t>eam will 
be referred to as laser power". 

Rgure 2 is a t>lock diagram showing a reproductif^ 
system and a feedback control system for the optical disk 
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120 employing the laser device 100. The lour laser ele- 
merrts 101 to 104 radiate the laser beams 111 to 114, 
respectively, on the lands and grooves of the optical disk 
120. The laser beams 111 to 114 are converged on a 
recording fnm of the lands and grooves so as to perform 5 
reoordingfreproduction of data. The laser beams 1 1 1 to 
114 are reflected from the optical disk 120, and further 
reflected by half mirrors 1 2a to 1 2d to enter detectors 
1 3a to 1 3d. TTie detectors 1 3a to 1 3d output reproduced 
signals in acoordance with their respective incident laser 
beams 1 1 1 to 1 1 4 to ampfrflers 1 4a to 1 4d, respectively. 
The amplif ters 14a to 14d ampfffy the reproduced signals 
and output the amplified signals. As well as outputting 
the reproduced signal, the detector 1 3a outputs a focus- 
ing en^or signal FE and a traddng error signal TE to the 
amplifiers 15a and 16a. respectively. The focusing error 
signal FE and the tracking error signal TE can l3e gener- 
ated by an astigmatism method using a four-spfit photo- 
diode. 

The amplifier 15a ampffies thelocustng en-or signal 
FE and outputs the smrplif ied focusing en^or signal FE to 
a focusing actuator 200. As a result, negatfve feedback 
is imposed in accordance with the amount of focusing 
error The focusing actuator 200 moves an objective lens 
220 along a directkm parallel to the optical axis, thereby 
achieving a feedback control for reducing the spot sizes 
of the laser beams 111 to 114 on con-esponding tracks 
(i.e., the lands or grooves) of the optical disk 120. This 
control will hereinafter be referred to as "focusing c6r^ 
trol". 

The ampiSier 16a amplifies the tracking error signal 
TE and outputs the amplified tracking en-or signal TE to 
a tracking actuator 21 0. As a result, negative feedback 
is Imposed in accordance with the amount of focusing 
error. The tracking actuator 21 0 nxsves the objective lens 
220 abng a radial direction of the optical disk 120, 
thereby achieving a feedback control for positioning the 
spot of the laser beams 111 to 114 onto con-esponding 
tracks (i e.. the lands or grooves) of the optical disk 120. 
This control will hereinafter be refen'ed to as tracking 4q 
contror. 

Rgure 3A is a diagram showing the states of laser 
elements and a sector format in laser power control 
according to the prior art Rgures 3B and 3C are dia- 
grams showrg the states of laser elements and a sector 45 
format in laser power control according to the present 
invention. 

Sectors 1 to 4 shown in Rgure 3A are located con- 
secutively on a track G.e., land or groove). Each sector 
includes laser power control areas (hereinafter refeTed so 
to as "control areas") LPC1 to LPC4 at the top thereof. 
In the control areas LPCI to LPC4, the respective laser 
paver levels of the laser elements 101 to 104 are con- 
trolled. Subsequent to the control areas LPCI to LPC4 
Is a data area DATA. TTie recording/reproduction of data ss 
is performed in the data area DATA. A time duration T^^ 
required for a laser beam to pass through each of the 
control areas LPCI to LPC4 is in the order of 1 pis. A 



time duration Ix^kta required for a laser beam to pass 
through the data area DATA is in the order of 1 ms. 

In each sector shown in Hgure 3A. the laser element 
101 radiates a laser beam in the control area LPCI 
(hereinafter, this state of a laser element will be referred 
to as an "on-state"), and does not radiate a laser beam 
in the control areas LPC2 to LPC4 (hereinafter, this state 
of a laser element will be referred to as an "off-state"). In 
the data area DATA, the laser element 1 01 is always in 
an on-state in order to perform recording/reproductton of 
data. 

As descrbed above, the laser beam emitted from 
the laser element 101 is used for focusing control and 
tracking control. Accordingly, neither the focushg error 
signal FE nor the tracking error signal TE is obtained dur- 
ing the off-state periods (i.e., periods during which the 
laser element 101 does not emit a laser beam), so that 
a disturbance is caused in the control loops involved in 
the focusing control and tracking control. However, if the 
period of time during which a distuitance arises is 
shorter than a predetermined period (described later], 
the control loops are substantially free from its influence. 
If the disturtjance is applied for a period which is longer 
than the predetermined period, the control foops are 
unfavorably affected by the disturbance, that is, the 
focusing en'or and trackirig en^r become substantial 
enough to cause malfunction in recording/ireprodudng 
operation. A rise time Tf of the focusing control bop and 
the period Toff during which the laser element 1 01 is off- 
etato must satisfy the following relationship: 

Toff < Tf Equation 1 

The reason why Equation 1 must be satisfied is that the 
focusing control is constantly performed while the optical 
disk is rotating. On the other hand, the tracking control 
may not be perfomied during operations other than the 
usual recording/reprodudng operations, e.g.. during 
track jumps. Therefore, it is preferable that a rise time Tt 
of the tracking control toop satisfy the following relation- 
ship as wal as the ralatfonship described in Equation 1 : 

Toff <Tt Equations 

Herein, the "rise time"« which Is also referred to as a 
tesponse time" of a control kx)p^ is defined as a time 
duration which is required for an output of a feedback 
control loop whose input is a unit step function (vary from 
0 to 1.0) to vary from 0.1 to 0.9. In Example 1, Tf is 20 
^ and Tl Is 20 jis. In the laser power control of the prior 
art as illustrated in Figure 3A. Toff is 27 ^s in either one 
of the sectors 1 to 4. thus failing to satisfy Equation 1 and 
Equation 2. Therefore, laser power control by the prior 
art permits a large distutance to be applied to the con- 
trol toop for focusing control and tracking control due to 
the off-states of the laser element 101. As a result, 
according to the prior art, there are periods (even if only 
tenrporarily) when recording/reproducing operation is 
malfunctioned. 
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On the other hand, according to the pOfwer control 
method of the present invention described in Figures 3B 
and 3C, the off-^ate periods Toff of the laser element 

101 are shorter than those in the prior art Aca)rcSng to 
the molhod of the present Invention reprdsented In F^- s 
ure 3B, the laser power of two toer elemenis is control- 
led In each sector. Specrfically. in the control areas LPC1 
and LPC2. the laser power of the laser elements 1 01 and 

102 iB controlled- In the control areas LPC3 and LPC4, 
the laser power of the laser elements 1 0S arvJ 1 04 is con- 
troled. As a result Toff equals Tlpc (= 9 us) in the sec- 
tors 1 and 3. Toff equals 2\pQ (= 18 |is] In the sectors 
2 and 4. Therelbre. both Equatoi 1 and Equation 2 are 
satisfied, so that any disturbance to an extent that will 
nonfavorably affect the recording/reproduction is not 
applied to the focusing control loop and the tracking con- 
trol loop. According to the method of the pcBsent inven- 
tion described in Figure 3C. the laser power of one laser 
element is controlled in each sector. As a result. Toff 
equals 0 secords (i.a. the laser element 101 is not 
turned off) In the sector 1. Toff equals Tupc (= 9 ps) in 
the sectors 2 to 4. Therefore, both Equation 1 and Equa- 
tion 2 are also satisfied. Even a smaller dt6turt)ance is 
applied to the footing control loop and the tracking con- 
trol k20p than in the case of the method descra>ed in F^- 
ure3C. 

Figure 4 a circuit diagram showing a laser power 
control apparatus according to the present invernion. 
The laserdevlce 100 includes laser elements 101 to 104 
and a photodetector 105. A current/Voltage conv^lor 3 
converts monitored currents which are output from the 
photodetector 1 0S and which are in proportion with the 
respectiva laser power levels of the laser elements 101 
to 104, Into voltages (hereinafter refened to as "moni- 
tored voltages"). Although the focusing control loop, the 
traddng control loop, and the optical system shewn In 
Rgure 2 are omitted m Figure 4, these control loops and 
the optical ^stem are also used in Exanrple 1 . 

As described earlier, the las^ elements 101 to 104 
can havedfffer^ laser power levels even when supplied 
with the same current. This is mainly due to the variations 
between laser elements. AlsOi with respect to each given 
laser element 101 to 104. the same cunnent does rKit 
always result in the same laser power level. This is due 
to the diange in the temperature of the teser elements 
(e.g., heating of the laser elements when emitting laser 
beams), thereby noising change in the relatiohship 
between the driving current for the sarriconductor laser 
and the output optical power thereot Therefore, it m pref- 
erable to perform laser power control for each one of the 
laser elements 101 to 104 at least once each predeter- 
mined time (for example, a time period in the orrler of 10 
ms). 

In Hgure 4, the respective circuits (whose elements 
are trKficated by reference numerals with lowar-case 
at^fiabets starting with a tod. respective!^ forcorttioiling 
the l^erpcwerof the laser elements 101 to 104 have 
the same fundioa Therefore, only the drcurt for control- 
ling the laser power of the laser element 101 (whose ele- 



ments are indicated by reference numerals with lower- 
case alpha characters starting with a) is described in 
detail here for rake of sinplidty. The circuits for control- 
ling the laser power of the laser elements 102 to 104 
(v^ose elements are Irxlicated by reference numerals 
with lower-case alpta characters starting with b to d, 
respectively) function in the same manner the drcdt for 
controDing the laser power of the laser element 1 01 does. 
In Rgure 4, a power supply is coupled to Vcc and Vss. 

Rgure 5 is a drcult diagram showing a portion of the 
circuit shown in Figure 4 that relates to the laser element 
101 and the photodetector 105. Comparators Tar, Tap, 
and 7ab^ hold circuits Oar. Sap. and 8ab^ current sources 
9ar and dap. snd a switching circuit 1 0a reoeiva control 
voltages FS. PS. BS. RH. PH, BH. R, R and B. respec- 
tively, via their respective control t^minals. In Rgure 4. 
control terminals are Indicated by annws, vnth the wiring 
t>etween a control voltage generator 300 and the respec- 
tive control terminals being omitted. As described later, 
the function of each element is activated only when the 
centred voltage appUad to its oontrol terminal is ai an L 
(low) I evel. Ihe control voltage generator 300 outputs the 
control voltages necessary for all the comparators, hold 
circuits, current sources, and switching drojtts. 

A reference voltage source 4a generates a refer- 
ence voltage when controlling the read power. The com- 
parator Tar receives via its inv^ed irput terming a 
tnohHored voltage output from the cun-ent/voltage con- 
verter 3 and recervBS via Its non-inverted Input terminal 
a reference voltage output from the reference voltage 
source 4a. Thus, the comparator Tar generates an out- 
put Yffudh is in proportion with a dilfer&ice between the 
monitored voltage and the reference voltage and pro- 
vides such output to the hold circuit Oar. TTie corrparator 
Tar outputs the difference between the kiput voltages 
only when the control voltage RS Is at the L level. The 
hold circuit 8ar holds an input voltage and outputs the 
voltage to the current source dar. The hold circuit Bar 
samples the input voltage at the moment when the cen- 
tred voltage RH shifts from a H (high) level to the L level. 
The hold drcuit Bar holds the Irput voltage and ou^suts 
it when the control voltage RH^ at the L level; wfiM the 
contol voltage RH Is at the H level, the hold drcidt Oar 
^mply allows the input voltage to pass from the irqxit to 
the cnitpuL The current source Oar receives the voltage 
held in the hold circuit 8ar (which is in accordance with 
the difference l>etween the monitored voltage and the 
reference voltage) as an Input, and outputs to the laser 
elementlOl adrivingcun-entwt^chisinaccordancewith 
the held voltaga The ojrrent source 9ar outputs a clm- 
rent whm the control voltage R is at the Llevei, but does 
not output a current when the control voltage R ^ at the 
H Iwel. 

In accordance with the atxjve-descrised configura- 
tion. wh3e controlling the read power (hereinafter, such 
a period win be referred to as a "read power ccntrollir^ 
period*), f eedbad^ control is performed so tfiat the read 
power corresponding to the voltage from the reference 
voltage source 4a is output from the laser element 101. 
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After the laser power has sufficiently settled, the laser 
power is heW, and the read power controfling period 
ends. 

The reference voltage source Sa, the comparator 
Tap, the hold circuit Sap. and the current source 9ap s 
function to control the peak power in a manner similar to 
the read power control. The comparator Tap. the hold 
circuit Sap. and the current source 9ap receive the corn 
tnol voltages PS. PH. and R respectively. The reference 
voltage source 6a. the comparators Tab, the hold drcurt 10 
Sab. the cun-ent source 9ab, and the switching drcurt 1 0a 
control the bias power In a manner similar to the above- 
described read power control except that the current 
source dab Is of a current-draining type and the switching 
circuit 1 0a controls the draining of current by the current 75 
source 9ab. Specifically. thecun-entsourceSabdoes not 
have a control tBrmlnal, but drains a current through the 
laser element 1 01 via the switching drcuit 10a when the 
control voltage of the switching drcuit 10a is at the L level. 
The comparator Tab. the hold circuit Bab, and the smtctv so 
ing drcuit 10a receive the control voltages BS, BH. and 
B. respectively. 

When emitting a laser beam at the read power, the 
current from the current source 0ar is supplied to the 
laser element 101. When emitting a laser beam at the 2s 
peak power, a sum of the cun^eri from the current source 
9ar and the cunrent from the current source 9ap is sup- 
plied to the laser dement 101. When emitting a laser 
beam at the bias power, a sum of the current from the 
cun-ent source 9ar and the cunrent from the cunrent 30 
source 9ap minus the current which flows Intothe current 
source 9ab is supplied to the lasfer element 101. 

After the read power control period ends, a peak 
power control period (during which the peak power is 
controlled) and a b'as power control period -follow, ss 
respectively. The laser power control for the laser ele- 
ment 1D1 is finished as these three kinds of laser power 
control are all finished. 

As shown in Figure 3B, when the laser power control 
for the laser element 101 finishes at the control area 40 
LPCI of the sector 1, laser power control for the laser 
element 102 is subsequently performed at the corrtrol 
area LPC2 In the same sector 1 . When the laser power 
contrd for the laser element 102 finishes, record- 
ing/reproduction of data is performed in the data area 4s 
DATA. In Rgure 3C, when the laser power control for the 
laser element 101 finishes at the contrd area LPCI of 
the sedor 1 , recording^eproduction of data is performed 
in the data area EWTA. When the recording/ireproduction 
of data in the data area DATA Is finished, laser power sc 
control for the laser element 102 is performed at the con- 
trol area LPC2 in the sector 2. 

Rgure € is a timing diagram Illustrating tfie control 
voftageof the laser elementlOI. Reference rujmeralsti 
to ts indicate points in tim& Hereinafter, the period ss 
between t1 to t2, etc. will be refenred to as a "period (t1 , 
12)**. etc. for simpnctty. The period (t1, t2), the period (12. 
t3). and the period (13. t4} are a reed power control 
period, a peak power contrd period, and a t>ias power 



conlnd period, respectively. The period (t4. t5) is a laser 
power control period for another laser element (e.g., the 
laser element 102 in the case of Rgure SB). At time t5 
and after, recording/erasing is pertormed by modulating 
the laser power With data to be recorded/erased and 
emitting a laser beam at the peak or bias power. Spedf- 
tealiy, the bias power corresponds to data "0"; the peak 
power coTesporxfs to data "1 

Rgure 6 shows a waveform Power of the laser 
power output from the laser element 101 . As described 
above, the three Wnds of laser power, i.e., the read power 
(used for reading of data), the bias power (used for eras- 
ing of data), and the peak power (used for recording of 
data) increases In this order (i.a. read power < bias 
power < peak powei). In recording/erasing, a laser beam 
is emitted at different laser power levels in accordance 
with the data to be recorded. 

The control voltages are an based on the ''negative 
logic". That Is. the respedive function associated there- 
with is activated (hereinafter refen*ed to as the "on-etate") 
when each control voltage Is at the L level. On the con- 
trary, the H level will be referred to as the "off-state". As 
the control voltage B shifts to the on-state at time t1 . the 
laser element 101 starts emitting a laser beam at the 
read power. Since the control voltage RS also shifts to 
the on-state at the same time, the comparator Tar com- 
pares the reference voltage output from the reference 
voltage source 4a with the monitored voltage so as to 
subject the laser power to a feedback control. The read 
power of the laser element 101 converges to a laser 
pcwer level corresponding to the vdtage which was set 
by the reference voftage source 4a over a time period of 
2 jis. Since the period (t1, 12) is about 3 ]xs, the laser 
power control for the read power can be finished well 
before time t2. 

As the control voltage RS shifts to the off-state at 
t'me t2, the control voltage RH shifts to the on-state. In 
other words, the hold circuit 8ar samples at time t2 the 
voHage controlled by the comparator 7ar and holds the 
voltage during the period (t2, 14). at time tS, and after. 

The current source 9ar supplies a driving current to 
the laser element 101 in accordance with the voltage 
held in the hold ctrojit 8ar when the control voltage R is 
in the on-state. Tlie control voltage R is in the on-state 
during the period (t1 , 14), at time tS, and after, so that the 
laser element 101 emitsalaserbeamofatleast the read 
pcwer during these periods. 

The peak power control is also performed In a man- 
ner similar to the read power control. The control volt- 
ages P and PS shift to the on-state at time 12, at which 
the read power control is finished. Since the control voH- 
age PS is in the on-etate in the period (12. 13), feedback 
control is performed for the peak power of the laser ele- 
ment 101 so that the peak power will converge to the 
laser power corresponding to the voUage set by the ref- 
erence voltage source 5a During the period (t2. t3), the 
laser element 101 Is driven by a sum of the current from 
the current source dar arKl the cunrent from the cun'ent 
source 9ap. 
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At time t3 at which Uie peak power control finishes, 
since, the control voltage PH ^fls to the on-stale, the 
hoki drcult Sap holds the output from the corrparator 
7ap as converaed by the feedback control When the 
laser element 101 emits a laser beam at the peak power, 
the currents from both current sources 9ar and 3ap fbw 
into the laser element 1 01 . As a result, the current source 
dap onV needs to supply the laser elennent 1 01 with a 
driving current correspondbig to the difference t^etween 
the read power and the peak power. In other words, tie 
current which is requred for emitting a laser t^eam at the 
peak pcwar can be suppled by the two current sources, 
so that the output current capacity of each cu rrent source 
can be snr^ler than in the case of supplying the current 
by only one current some. Moreover, less time is 
required for the laser power to rise to the peak power as 
compared with the case where only one current source 
isenrployed. 

When emitting a laser beam at the bias power, the 
current source 9ab drains a portion of the currents from 
the current sources 9ar and Sap to grourxJ. Thus, the 
current source 9ab drains a cun^ent equivalent lo the dif- 
ference between the peakpower and the bias power. In 
the pedod fl3, t4). during whteh the control voltage B 
input to the switcWng drcwt 10© is in the on-«tate, the 
switching drcurt 10a is In a conductive state, so that it 
bypasses a portion of the currents output from the cur- 
rent sources Sar and 9ap and drains that portion to 
ground. In the perkxi 14}, the control voltage BS Is in 
the cn-etale. Th^efcre. a feedback control is made so 
that the t^iaspowo' of the laser element 101 converges 
to a laser power level conresponding to the voltage which 
was set by the refererx:e voltage source 6a, as in the 
case of the read power control. 

Attimet4,atwhk:h the bias power control finishes, 
the control voltage BH Is In the on-state so thai the hokt 
circuit 8ab hokis the output from the comparator 7ab as 
converged fciy the feedback control. 

Thus, in the p^iod (t1 , t4), feedback control^ is per- 
formed for the read power, the peak power, and tfie bias 
power of th e laser elemenf101.Altimet4 and after, th e 
converged value of each laser power is heki. the 
penod (t4, 15), the laser power of another laser element 
{e.g., the laser element 102 in the case of Figure 3B) is 
controlled In a similar marvier. 

At time 15 and after, a laser beam is emitted at the 
read power by placing the control voltage R in the on- 
state: a laser t>eam is emitted at the peak power by plac- 
ing the control voltages R and P in the on-state; and a 
laser beam is emitted at the bias power by placing the 
control voltages R, P, and B in the on-stata When record- 
ing data on the optical disk 1 20, the control voltage B is 
turned on or off in synchronization with the data to be 
recorded. As a resiit. the laser element 1 01 is modulated 
by the different power levels of the peak power and the 
bias power, in accordance with the data to be recorded. 

r^ure 6 shows the contrd of the three kirds of laser 
power only with respect to the laser element 101 . Figure 
7 is a timing diagram showing the r^eOive ou^Xit 



power and the states O e., on-staie and off-state) of the 
respect teer elements 101 to 104 in the laser power 
control described In Figure 3B along with the monitored 
voltage As shown in Rgure 7, Toff of the laser element 
5 101 equals TLpctfi^s^Q^^I -and equals 2Tlpc^ the 
sector 2. Therefore, it is neces^ry that 
Toff (==2T|_pq) satisfies the above-mentioned 
Equation 1. It is preferable that Toff also satisfies Equa- 
tion Z 

10 In order to reduce the influence of the off-state of the 
laser elements on the focusing control and the tracking 
control. It is dedrat}|e to reduce the amount of time 
required for the power control lor each laser elem^ 
Since the tima amount required for the laser power con- 

15 trd depends on the frequency characteristics of the laser 
element and the circuitry used fc»- controlfing the laser 
power of that laser element, it has a tower limit (i.a, a 
minimum possible value). The nx^re laser elements that 
are provided, the longer the laser power control takes, 

20 thereby making itmoredifncutttosat^ Equation 1 and 
Equation 2. 

In accordance with the laser power control method 
and the control apparatus according to Example 1 of the 
present inventioa the period during which to peiform 

25 laser power control is split in a manner described at»>ye, 
thereby ensuring tfiat any laser elemerrt used for the 
focusing control and the tracking control is not in the off- 
state tonger than the response time of the control bops 
for the focusing control and the tradong control, respec- 

30 tively 

Figure 8 sfiows a variatic»i of the apparatus of Exam- 
ple 1 shown In F^ure 3B. In figwe 8, laser power control 
performed for the laser elements 101 to 1 04 In a dngle 
sector. In order to prevent a time period Toff during whk^ 
35 a laser element 101 is off-statefromoKreasir^, the laser 
element 101 b placed in the on-state in a period R1 
located between control areas LPC2 and IPCS and in a 
period R1 located between control areas LPC3 and 
U>C4. Toff must satisfy Equation 1, and it is pr^erable 
40 that Toff also satisfy Equation 2. Herein, the time period 
Tlpc during which laser beams pass through each of 
control areas LPC2 to LPC4 is 9 ^s. Since 
Toff (= Tlpc) IsSjis. 71 is20 ns.andTtfe20jis, 
both Equation 1 and &)iiation 2 are satined. 

46 

Exampla2 

Figure 9A is a diagram sfx^wtng a focusing error ^g- 
nal and a tracking ector signal in a conventioc^ laser 

so power control method and apparatus. RgureOBisacfia- 
gram showing an interpolated focusing error sigr^ and 
an interpolated tracking en-or ^gna! in accordance with 
the laser power control method and apparatus of Exam- 
ple 2 of the present inventioa 

S5 In Figure 9A. the focusing error signal FE and the 
tracking error signal TE take values which cannot be 
used for their respective feedt>ack control processes 
(ag.. the zero levef) while the laser element 1 01 Is in the 
off-state C^icaled as Unusable Area" in Rgure 9/^. 
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Therefore, in a DATA area in whch the laser element 1 01 
is in the on-state, the values of the ftxnising eiror dgnal 
FE and the tracking error signal TE cons^arge again 
through feedback control, but it may take some t'me 
before the control loops settia Especially in the case 
where Ihe focusing error signal FE and the tracking error 
signal TE are offset so as not to have zero as ther 
respective values when the period LPC2 begins, as 
shown in Rgure 9A. a large disturtjance is applied to the 
control loops for focusing control and tracking control 
when entering the DATA area. As a result, in the earlier 
portion of the DATA area, the focusing error signal FE 
and the tracking error signal TE can vary to a large 
extent possibly exercising urtfiavorabte influences on 
reoordingyi'eprcducing operation. 

According to Example 2 of the invention, the focus- 
ing error signal FE and the tracking error signal TE are 
sampled immediately before the off ^te of the laser ele- 
ment 101 begins, and those values are heki throughout 
the off -state period so as to be suppned to the respective 
control loops. Specifically, the above-mentioned sam- 
pling is conducted when a hold signal HOLD shown In 
Figure 9B shifts from the H level to the L tevel. so tfiat 
the sampled values are held during LPC2 to LPC4 so as 
to be fed to the focusing control toop and the tracking 
control kx>p. Thus, as exemplified by the interpolated 
focusing error signal and the interpolated traddig error 
signal shown in Rgure 9B, these signals do not largely 
vary when the DATA area begins. 

Rgure 10 is a Uock diagram showing a circuit to be 
further included in the corfiguratton shown in Figure 2 in 
order to realize the funC6on described in RgureSB. Upon 
receiving a laser beam from the laser element 101. a 
photodetector 13a outputs the focusing error signal FE 
and the tracking error signal TE to amplifiers 15a and 
16a, respectively, so as to be amplified thereby. The 
amplified focusing error signal FE and the tracking error 
signal TE are Input to hold ciroits 17 and 18, respec- 
tively The hold circuits 1 7 and 1 8 output the interpolated 
focusing error signal FE and the interpolated tractdng 
enor signal TE (as held In the hold drcuits 17 and 18) to 
a focusing actuator 200 and a tracking actuator 210 
shown in Rgure 2. A hoW control voltage HOLDfbr con- 
trolling the timing with which the hold diruits 17 and 18 
holds their respective input signals is generated by the 
control voltage generator 300 shown In Rgure 4. 

Examples 

Rgure 11 Is a diagram showing the states of laser 
elements and laser element select signals in accordance 
with the laser power control metfiod and apparatus of 
Example 3 of the present Invention. 

In Examplee 1 and 2, focusing control and tracking 
control were made by only usrg a focusing error dgnal 
and a tracking enror signal output from the photodelecky 
ISa receiving a laser beam emitted from the laser ele- 
ment 101. In Example 3, focusing oontrol Eirxi tracking 
control are made by selectively usi ng respective focusing 



enor signals and respective tracking en-or signals output 
from photodetectors 1 3a to 1 3d receiving the respective 
laser beams emitted from the laser elements 1 01 to 1 04. 
Specifically, a focusing en-or signal and a tracking enror 
3 signal conespondlng to the laser beam emitted by the 
laser element 101 are used in control areas LPC1 and 
data area DATA in Rgure 1 1 . and focusing ennr signals 
and tracking en-or signals corresponding to the laser 
beams emitted by the laser elements 102 to 104 are 
respectively used in control areas LPC2 to LPC4 In Rg- 
ure 1 1 , respectively, so as to perform the focusing control 
and the track'ng control. 

Rgure 12 is a block diagram showing a laser power 
oontrol method and apparatus accordkig to Exarnple 3 
of the present invention. The photodetectors 13a to 1 3d, 
which receive the laser beams emitted by the laser ele- 
ments 101 to 104, respectively, each outputs a focusing 
error signal and a tracking emor signal to a ©witching cir- 
cult19. SimllartotheampriflerlSa, amplifiers 15b to 15d 
amprrfy the focusing en-or signal FE output from the pho- 
todetectors 1 3b to 1 3d. respectively. Similar to the anpli- 
fier 1 6a, amplifiers 16b to 16d amplify the tracking error 
signal TE output from the photodetectors 13b to 13d, 
respectively The switching circuit 1 9 receives select sig- 
nals for the laser elements 101 to 104. and outputs, as 
the selected focusing enor signal and the selected track- 
ing error signal, the focusing en-or signal and the trackwig 
error signal firom the laser element that corresponds to 
a select signal which is at the L level. For example, when 
the select signal for the laser element 101 is atthe L level, 
the focusng signal arxj the tracking signal output from 
the photodetector 1 3a are output by the ©witching circuit 
1 9. The focusing error signal and the trading enor signal 
outputfromtheswitdiing circuit 19 are respectivaly Input 
to the focusing actuator 200 and the traddng actuator 
21 0 (shown in Rg ure 2) 80 as to be used for th e focusing 
control and the tracking control. 

By generating select signals at the timing Olustrated 
inRgurell andperforntingfocusingcorrtrolandtracking 
control based thereupon, a focus en-or signal and a track- 
ing enor signal are always available (in other words. Toff 
«0), sothatsubstantiallynodisturbanceis applied to the 
focusing control and the tracking control. 

Rgitf'e 13 is a timing diagram deserting a variation 
of the method and apparatus of Exanrple 3. A focusing 
error signal and a tracking error signal con^esporxiing to 
the laser beam emitted from the laser element 101 are 
used in control areas LPC1 and LCP2 and an area DATA 
in Rgure 13, and a focusing error signal and a tracking 
error signal corresponding to the laser beam emitted by 
the laser element 103 are used in control areas LPC3 to 
LPC4 in Rgure 1 3. so as to perform the focusing control 
and the tracking control. Asa result, appropriate focusing 
error signals or tracking signals cannot be obtained in 
control areas LPC2 and LPC4. 

The focusing control will not receive sut)stantial influ- 
ences as long as Toff in control areas LPC2 and LPC4 
satisfies Equation 1. As shown In Example 1, it is pref- 
erable that Toff also satisfies Equation 2. 
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In Example 3, the t'me period T^pc during wrtch 
laser beams pass through each of control areas LPC2 
to LPC4ts9^s. Since Tolf(=TLpc) ls9jis,Tfis 
20 |i8, and Tl is 20 fis, both Equation 1 and Equation 2 
are satisfied. Aa»rdingly; twih the focusing oontrol sys- 5 
tem and the tracking conirol system will not receive eub- 
^antlal distuibance. 

Figure 14 is a block diagram showing a varation of 
the method and apparatus of Example 3 empk^ng the 
timing diagram shown in Rgure 13. A switching drcuit 10 
140 receives the focusing error ^gnal and the tracking 
error signal from the photodetectors 13a and 13c, and 
outputs, as the selected focusing error signal and the 
seldctBd tracking error signal, the focusing error signal ; 
and the tracking enror^gnal output from one of the r^n>- rs 
todetectors 13a and 13c. The switching droit 140 cut* 
puts the focusing error signal and the trading error 
signal from the photodetector 1 3a when the select signal 
for the laser element 101 Is a! the L level, and outputs 
the focusing error signal and the tracking en-or signal 20 
from the photodetector 13c when the select signal for the 
laser element 103 is at the L level. 

Example 4 

25 

Figure 15 is a timing diagram showing the states and 
the las^ power of laser elements in accordance with the 
laser power control method and apparatus of Example 4 
of tiie present Inventioa The laser element 1 01 emits a 
laser beam at the read power while laser power control 30 
is performed for the laser elements 102 to 104. There- 
fore, a focusing error signal and a tracking signal are 
always svallabla No disturt^ance due to the off -states of 
a laser el enrYent used for the focuslr^ control and tracking 
control ^applied to the focusing control loop or the track- ss 
ing oontrol loop. 

However, since the laser element 1 01 always emits 
a laser beam at the read power In control areas LPC1 to 
LPC4, the monitored voltages in LPC2 to LPC4 are 
shifted upward by a voltage corresponding to the read 40 
power of the laser element 101 . Hareinafler, this vdtage 
shift resulting from the laser beam emission at the read 
power will be referred to as an 'offeet voltage* for €tn- 
plicity. In other words, the monitored voltage In control 
areas LPC2 Is a sum of the monitored voltage oorre- 4s 
sponding to the laser beam emitted by the laser element 
102 and the monitored voltage corresponding to the 
laser beam emitted by the laser element 101 attheread 
power (t e.. the offset voltage). The monitored voltages 
are biased in control areas LPC3 and LPC4 by the same so 
offset voltage caused by the laser beam emission of the 
laser element 101 at the read power. 

It t>eoomes possible to perform accurate laser power 
control in control areas I-PC2 to L PC4 as weQ as in LPCI 
by cancelling this offset voltaga Spedf icaliy. the voltages 55 
of reference voltage sources for the laser elements 102 
to 1 04 are increased by a voltage equivalent to the offset 
voltage in a period during which a signal OFFSET in Fig- 
ure 15 is at the L level. H the offset voltage is not can- 



ceiled in this tnanrter, the laser power levete of the laser 
elements 1 02 to 1 04 are controlled go as to converge to 
laser power levels smaller than the values they ^ouki . 
be set ta 

Figure 1 6 is a blod^diagram showing the laser power 
control method and apparatus of Exanple 4 of the 
jjr^ent invention. FtgurelGonly illustrates the drouitfbr 
the laser element 1 02. with the drcints for the laser ele- 
ments 101, 103 and 104 being omitted. The samedrcuM 
Uli^trated in Rgure 16 Is provided for each of the laser 
elements 103 and 104. The circuit for the laser elem&it 
101 is similar to that shown in f=igure 5. 

The circmt ^lown in Rgure 1 6 differs from the circiflt 
shown ^ Rgure 5 In that adders 20r. 20p. and 20b for 
adding an offset voltage (i e.. a voltage output from a ref- 
erence voltage source 160) to the voltages which were 
output from reference voltage sources 4b. 5tx and €b . 
(which comespond the read power, the peak power, and 
the bias power, respectivety). re^ectively. are prcvidad. 

When OFFSET in Rgure 15 is at the L level, the 
adders 20r, 20p^ and 20b add the voltage output frorn 
the reference voltage 1 60 to the voltages output from the 
reference voltage sources 4t>. 5b. and 6b. respectively. 
The voltage output from the reference voltage source 
160 is eqiAvalent to the voltage output from the voltage 
source 4a In Rgure 5. Othemvlsethe circuit shown in Rg- 
ure 16 functions in the same manner as does the circidt 
shown in Rgure 5. 

The control voltage generator 310 In Rgure 16 out- 
puts the control voltages necessary for all the compara- : 
tors, hold drcufts. cun^ent sources, arrd switching circuits 
induduig the signal OFFSET. 

Rgure 17 is a drcuit diagram shewing a variatk»i of 
the apparatus of Example 4 of the present invention. Rg- 
ure 17 only illustrates the circuit for the laser element 
102, with the circuits for the laser elements 101 , 1 03 and 
104 being emitted. The same ciicuit aiustrated tn Rgure 
17 is provkied for each of the laser elements 103 and 
1 04. The drcuit for the laser element 1 01 is similar to that 
shown in Rgure 5. 

The circLDt shown in Rgure 1 7 differs from the drciAt 
shown in Rgure 5 in that a subtracter 21 for subtracting 
an offset voltage (i.e., a voltage ompiA from a reference 
voltage source 170) from a voltage which was output 
from a currentAroltage convertor 3 is provkded. 

When OFFSET in Rgure 1 5 is at the L level, the sub- 
tracter 21 subtracts the voltage output from the reference 
vdtage 1 70 from the voltage output from the currentM)lt- 
age converta 3. The voltage output from the reference 
vdtage source 170 Is equivalent to the voltage outpiit 
from the vdtage source 4a in Rgure 5. Otherwrise the 
drcuit shown in Rgure 1 7 functions in the same manner 
as does the drcurt shown In Rgure 5. 

The control voltage generator 320 in Rgure 17 out- 
puts ^e control voltages necessary for all the conpara- 
tors. hoki drci^ current sources, and switdiing drcints 
inducing the signal OFFSET. 

According to Exannple 4, any laser element that 6 
emitting a laser k>eam for the focusing control and the 
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tracking control i8 always in the on-6tate. Therefore, no 
distuitance due to the off-states of a laser element used 
for the focusing control and tracking control is applied to 
the focusing control loop or the tracking control loop. 

Although reoording/ireproduction is performed by 
varying the intensity of the laser beams emitted by laser 
elements In any of E^mples 1 to 4described above, the 
present rr^nticn is not limited in this regard. For exam- 
ple, h is possble 1o conrt)!n8 an element for emitting a 
laser beam at a constant level and an optical shutter ele- 
ment for nrodulating the laser beam emitted by that ele- 
ment 

Various other modrficatione will be apparent to and 
can be readily made by those skilled In the art without 
departing from the scope and spirit of this invention. 
Accordingly, rtisnotintendedthatthescopeof the claims 
appended hereto be limited to the description as set forth 
herein, but rather that the claims be broadly construed. 

Claims 

1. A method Ibr conrtroling Intensities of a plurality of 
laser beams respectively emitted on a track of an 
optical disk by a plurality cf laser diodes, the method 
comprising a step of: 

performing focusing servo control for focus- 
ing one of the plurality of laser beams emitted by one 
of the plurality of laser diodes onto the track, and 
concurrently controlling an intensity of the laser 
beam emitted by each of plurality of laser diodes to 
be within a predetermined range by comparing a sig- 
nal which is in accordance with an intenaty of the 
laser beam emitted by that laser beam with a refer- 
ence signal, 

wherein a period during which the one of the 
plurality of laser diodes used for the focusing does 
not emit the one laser beam is shorter than a 
response time of the focus servo control. 

2. A method according to claim 1 , wherein the trad< is 
divided into a plurality of sectors, and 

the intensity of the laser beam emitted by 
each of the plurality of laser diodes is controlled to 
be within the predetermined range once for every N 
sectors, N being a natural number. 

3. A method according to claim 1 , wherein the one of 
the plurality of laser diodes used for the focusing 
emits the laser beam over a period during which 
laser diodes other than the one laser diode used for 
the focusing are controlled. 

4. A method for controlEng intensities of a plurality of 
laser beams respectively emitted on a track of an 
optical disk by a plurality of laser diodes, the metfiod 
comprising a step of: 

performing focusing servo control for focus- 
ing one of the pluralrty of laser beams emitted by one 
of the plurality of laser diodes onto the track, and 



concun-ently controlling an intensity of the laser 
beam emitted by each of plurality of laser diodes to 
be within a predetermi ned range by comparing a sig- 
nal which is in accordance with an intensity of the 

s laser beam emitted by that laser beam with a refer- 
ence d'gnal. 

wherein a focusing error signal con-espond- 
ing to the laser beam emitted by the one of the plu- 
rality of laser diodes used for the focusing is held 

7a over a period during which the one of the plurality of 
laser diodes used for the focusing does not emit the 
one laser beam. 

5. A method for controlling intensities of a plurality of 
75 laser beanie respectively emitted on a track of an 

optical diskby a plurality of laser diodes, the method 
comprising a step of : 

performing focusing servo control for focus- 
ing one of the plural ity of laser beams emitted by one 

20 of the plurality of laser diodes onto the tracK and 
concurrently controlling an intensity of the laser 
beam emitted by each of pluralrty of laser diodes to 
be withiin a predetermined range by comparing a sig- 
nal which is in accordance with an Intensity of the 

ss laser beam emitted by that laser beam with a refer- 
ence signal, 

wherein the focusing is performed by using 
one of the plurality of laser diodes the irrtensity of 
whose laser beam is being controled. 

6. A method for controlling intensities of a plurality of 
laser beams respectively emitted on a track of an 
optical diskby a plurality of laser diodes, the method 
comprising a step of: 

35 performing focusing servo control for focus- 

ing one of the piurality of laser beams emitted i3y on e 
of the plurality of laser diodes onto the tracK and 
concurrerrtly controlling an intensity of the laser 
beam emitted by each of plurality of laser diodes to 

40 be writNn a predetenmined range by comparing a sig- 
nal which is in accordance with an intensity of the 
laser beam emitted by that laser beam with a refer- 
ence signal, 

wherein the one of the plurality of laser diodes 

45 used for the focusing emits the laser beam while the 
Intensities of the laser beams emitted by laser 
diodes other than the one laser diode used for the 
focusing are controlled. 

so 7. An apparatus for controlling intensities of a plurality 
of laser beams respectively emitted on a track of an 
optical disk by a plurality of laser diodes, the appa- 
ratus comprising: 

a focusing servo controller for focusing one 

55 of the plurality of laser beams emitted by one of the 
plurality cf laser diodes onto the track; 

a controller for controlling an intensity of the 
laser beam emitted by each of pimlity of laser 
diodes to be within a predetermined range by conrv 
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paring a signal which is in accordance with an inten- 
sity of the laser beam ennitted by that laser beam 
with a reference signal; and 

a section for setting a period during which the 
ona of the plurality of laser diodes used for the foo^- s 
ing does rxrt emit the one laser beam to be shorter 
than a response time of the focus servo contrd. 

S. An apparati^accoFding to claim 7. wherein the tmd< 
ts divided into a plurality of sectors, and w 

the intensity of the laser beam emitted by 
eac^ of the plurality of laser diodes is controlled to 
be within the predetermined range once for every N 
sedofs. N being a natural number. 

15 

9. An apparatus according to claim 7, wherein the one 
of the ptuFafrty of laser diodes used for the focusing 
emits the laser beam over a period during which 
laser diodes orther Itian the one laser diode used for 
the focusing are controlled. 20 

10. An apparatus for controlling intensities of a plurafity 
of laser beams respectively emitted on a track of an 
optical cfisk by a plurality of laser diodes, the appa- 
ratus comprising; 25 

a focusing servo controller for focusing one 
of the plurality of laser beams emitted by one of the 
plurality of laser diodes onto the track; 

a controller for controlling an intensity cf the 
laser beam emitted by each of plurality of laser so 
diodes to be within a predetermined range by com- 
paring a stgruU which is in accordance with an inten- 
sity of the laser beam emitted by that laser beam 
with a reference signal; and 

a hokl sectkxi for holding a focusing error sig- ss 
nal corresponding to the laser beam emitted by the 
one of the plurality of laser diodes used for the focus- 
ing over a period duing which the one of the plurality 
of laser diodes used for the focusing does not errat 
the one laser b^im. 4o 

1 1 . An apparatus for controlling intensities of a plurality 
of laser beams respectively emitted on a tBck of an 
optical disk by a plurality of laser diodes, the appa- 
ratus oonprising: 4s 

a focusing servo controller for focusing one 
of the plurality of laser beams emitted by one of the 
plurality of laser diodes onto the track; 

a controller for controlling an intend of the 
laser beam emitted t>y each of plurality of laser bo 
diodes to be within a predetermined range by com- 
paring a signal which Is in accordance with an inten- 
sity of the laser beam emitted by that laser beam 
with a reference signal; and 

a focusing sec^on for perfbrrning the fooislng ss 
by using one of the plurality of laser diodes the inten- 
sity of whose laser beam is being controlled. 



12. An apparatus for controlling intaisities of a plurality 
of laser beanrts nespectjveiy emitted on a track of an 
opt'ral disk by a plurality of laser diodes, the appa- 
ratus comprising: 

a fooling servo controller for focusing one 
of the pluraTity of laser t>eams emitted by one of the 
plurality of laser diodes onto the trade; 

a contrcner for controIEng an irrtensrty of the 
laser beam emitted by each of plurality cf laser 
diodes to be within a predeterminBd range by com- 
paring a signal ¥rhtch in accordance with an Inten- 
^ of the laser beam emitted by that laser beam 
with a reference signal; arxJ 

a section for controirmg the one of the plurality 
of laser diodes used for the focusing to emit the laser 
beam while the intensities of the laser beams emit- 
ted by laser dkxf es other than the one laser diode 
used for the focusing are controlled. 
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